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DECLARATION OF GAVIN BRAITHWAITE 

I, Gavin Braithwaite, do hereby declare as follows: 

1. I received my Ph.D. in Chemical Engineering from Imperial College, of 
Science, Technology and Medicine, London, England in 1997. I have been engaged in 
the study of polymers for about 15 years. I have iauthored or co-authored 11 peer- 
reviewed articles and two book chapters. I am the Vice President of Research at 
Cambridge Polymer Group, and a named inventor on the captioned application. A copy 
of my curriculum vitae accompanies this declaration. 

2. I provide this declaration to explain the nature of the problems (both 
generally known and not generally known) encountered in soft tissue replacements in 
the orthopedics field, the prior art attempts at solving these problems, the differences 
between our invention and the prior art, and the advantages provided by our invention 
over the prior art. Soft tissue replacements are used in a wide variety of contexts. 
Notable examples are in the spine, the heart and the breast. The independent claims 
that I focus upon here are: 

135. (New) An injectable thetagel solution for injection into a body space, 
wherein the injectable solution is obtained by a process comprising the 
steps of: 
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dissolving polyvinyl alcohol (PVA) molecules in a first solution to 
form a PVA solution, wherein the first solution has a Flory interaction 
parameter (chi value) that is not sufficient for gelation; 

contacting the PVA solution with a second solution in a controlled 
manner, wherein after the contacting the combination of both solutions 
has a Flory interaction parameter (chi value) that is sufficient for gelation, 
and thereby forms an injectable thetagel solution; and 

maintaining for a period of time the injectable thetagel solution at a 
temperature such that it is in a workable state, wherein the injectable 
thetagel solution can be injected into a body space, and therein gel in situ 
after the injection to form in the body space a polymer hydrogel that has 
physical crosslinks between PVA molecules, wherein the polymer 
hydrogel is formed without chemical crosslinkers, irradiation or thermal 
cycling, and wherein the polymer hydrogel can fill the body space. 

146. (New) A polymer hydrogel formed within a body space, wherein the 
polymer hydrogel is obtained by a process comprising the steps of: 

(I) injecting an injectable thetagel solution into a body space, wherein 
the injectable thetagel solution is produced by: 

(A) dissolving polyvinyl alcohol (PVA) molecules in a first solution to 
form a PVA solution, wherein the first solution has a Flory 
interaction parameter (chi value) that is not sufficient for gelation; 

(B) contacting the PVA solution with a second solution in a controlled 
manner, wherein after the contacting the combination of both 
solutions has a Flory interaction parameter (chi value) that is 
sufficient for gelation, and thereby forms the injectable thetagel 
solution; and 
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(C) maintaining for a period of time the injectable thetagel solution at a 
temperature such that it is in a workable state; 

and 

(II) allowing the injectable thetagel solution to gel in situ after the 
injection to form in the body space a polymer hydrogel that has physical 
crosslinks between PVA molecules, wherein the polymer hydrogel is 
formed without chemical crosslinkers, irradiation or thermal cycling. 

3. In this declaration, I discuss the spine. Slide 1 depicts a normal human 
healthy disc. The intervertebral disc provides load-support while allowing flexibility and 
rotation. By way of analogy, the disc acts like a car tire to support a high dynamic load 
using a compressible fluid/gas (the nucleus for the spine, or air for a tire) by confining it 
in a flexible wall (the annulus for the spine, or the tire wall for a car tire). 

4. A healthy nucleus is a collagenous hydrogel that is not sufficiently strong 
on its own to support the weight of the body. However, on its own the annulus also does 
not possess the right mechanical properties to flex and bear a load. The composite 
structure of the disc, with the nucleus surrounded and supported by the annulus, allows 
the disc to operate correctly. See Slide 2. 

5. As the disc ages, or becomes damaged, it is often the nucleus that is 
impacted first, either suffering dehydration, or becoming extruded (herniated) out of the 
annulus. Loss of height almost inevitably results, changing the biomechanics of the 
spine and resulting in pain and osteophyte formation, further reducing mobility and 
initiating the "degenerative cascade". Loss of volume, or a dehydration of the nucleus 
results in compromised biomechanics and the onset of the degenerative cascade. See 
Slide 3. 
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6. Current surgical treatments range from conservative therapies such as 
physical therapy and drugs in the form of painkillers and surgery. The majority of 
patients are well treated by conservative approaches but a significant subset require 
more invasive surgeries. Removal of material to relieve pressure on nerve roots 
(laminectomy and discectomy) is successful in the short term but the removal of 
material probably accelerates the degenerative process. Vertebrate fusion is the 
current standard which works by preventing motion in the affected segment, but this 
approach is invasive, permanent, results in overall loss of motion and may accelerate 
degeneration in adjacent segments by transferring motion forces and load. See Slide 4. 



7. There are emerging technologies for total disc replacement, but these are 
even more invasive and complex, and the long term prognosis is not clear. Currently, 
the Raymedica family of devices is widely used outside of the US. However, these 
devices are implanted as dehydrated devices which, although shrunk before implant, still 
require large incisions to allow insertion which compromises the integrity of the joint 
space. These devices have been prone to expulsion through the surgical incision, and 
also have problems with uneven loading of the vertebral end-plates that ultimately 
results in subsidence. These implants cannot fully and evenly transfer load from the 
end-plate to the annulus in the manner that the natural nucleus operates. See Slides 4 
and 5. 

8. Due to the limitations of fusion and disk replacement, other approaches 
have been under development. What has been needed is an approach that mimics the 
load-distribution operation of the natural nucleus. Since the natural nucleus is a 
hydrogel, an injectable hydrogel that can fully fill the nucleus space is ideal. There are a 
number of products in development that attempt to address the issue of a 
biocompatible, permanent, injectable hydrogel, but none do so completely. All of the 
systems identified in Slide 6 use chemical crosslinkers except for the BST-disc and the 
Gelifex system, which are "phase change" materials that rely solely on the surrounding 
conditions to form a gel at all times. Since phase change is a thermodynamic system, 
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they are not permanently crosslinked and therefore could suffer from long-term 
instability in vivo. 

9. In summary, prior to the claimed invention, the field employed materials 
that used chemical cross-linkers that can create bio-incompatible reaction products, 
required irradiation and/or thermal cycling, or would by unstable due lack of physical 
cross-linking (e.g., bonding). These limitations were solved for the first time by the 
claimed invention, and advantageously employ useful characteristics of polyvinyl 
alcohol (PVA). PVA is a proven biomaterial. See Slide 7. 

10. PVA is formed by the hydrolysis of PVAc polyvinyl acetate). The PVA 
chain is a string of carbon atoms with either two hydrogens or one hydrogen and an 
oxygen-hydrogen group (-OH, or hydroxyl group). This hydroxy! group gives PVA its 
unique abilities in solution. PVA bonds to itself in water systems through a hydrogen- 
bond. See Slide 8. 

1 1 . How PVA is employed according to the invention involves polymer 
thermodynamics. Whether a polymer molecule dissolves in a solvent or not is governed 
by two main parameters, the affinity of the polymer molecule to the solvent, described 
as the heat of mixing, and the amount of disorder in the system (the entropy of mixing). 
The former describes whether the polymer molecule is "compatible" with the solvent 
chemically, and the latter describes if the molecule is highly structured in its natural 
state. Thus, the free energy of the system describes the energy gained or lost by 
making the solution. This parameter can be described by the relative solution 
concentrations and molecule numbers, and the Flory interaction parameter (chi), which 
characterizes the chemistry of the solution. The Flory interaction parameter describes 
how the energy of the system changes per molecule added with all other parameters 
held constant. The chemical potential of a molecule is the derivative of the free energy 
with respect to the number of molecules. As a result a negative chemical potential 
requires energy to have been input and thus is "unfavorable" and cannot happen 
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spontaneously. A positive chemical potential indicates that the new solution is 
energetically favorable and will happen spontaneously. See Slides 9 and 10. 

12. Slide 1 1 provides an explanation of a theta solvent. A theta solvent refers 
to condition that balances the competition between the polymer segments and the 
solvent. It is energetically just as favorable for a polymer segment to be next to another 
polymer segment as to the solvent and therefore the polymer chain is neither extended 
nor relaxed. In the context of PVA hydrogels according to the claimed invention, this 
transition is used to control how the polymers interact, forcing a hydrogel to form in a 
"poor" solvent and then allowing the hydrogel to fully hydrate in a "good" solvent. 

1 3. Slide 1 2 provides phase diagrams. The phase diagram of water indicates 
that above the red line water is either solid (ice) or liquid (water). For the binary (two- 
component) phase diagram above the red line either the sucrose is fully or partially 
dissolved, However, the system is only pure liquid to the left of the green line. To the 
right of the green, line exists a phase where the sucrose, is dissolved in the water (syrup) 
and the sucrose exists as a solid. For the polymer-solvent mixture, a solution that is 
below the red line is fully dissolved in the solvent. This solvent can be one, or a 
combination of solvents. A solution above the line is unstable since the polymer is only 
partially soluble. There therefore exists two concentrations (roughly described by the 
red line) in which the polymer can exist. See figure 2 of the captioned application. 

14. Slide 13 depicts phase separation with a 'kitchen table' example. Phase 
separation can happen spontaneously when the two components are immiscible (i.e. 
incompatible). This incompatibility can be influenced by the presence of other 
ingredients. Slide 14 depicts a phase separation phenomenon in the context of 
polymers. If solvent conditions change, the polymers can come out of solution and form 
a solid ("crash out"). Thus, solution conditions govern how the polymer interacts with 
itself and the solvent, and macroscopically whether the solution 
separates/precipitates/curdles, or not. Another 'kitchen table' example which directly 
relates the solvent quality to the behavior of the polymeria protein in this case) involves 
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the addition of vinegar to milk. Vinegar causes casein (a natural protein found in milk, 
and is a polymer) to curdle and thus separate from the whey. See Slide 15. 

1 5. Returning to hydrogels, phase separation takes time to evolve in a system 
that undergoes controlled phase separation as compared to precipitation. The graph - 
presented in Slide 16 is based on rheological data for 1 5% PVA in. deionized water, with 
28% polyethylene glycol (PEG). Both percentages are relative to the water content in 
the solution. The solution is initially at 90 °C but is rapidly cooled at t=0 to 40 °C. The 
phase angle returned from a small amplitude oscillatory shear experiment is defined as 
the phase angle, delta, where tan(5)=G7G 5 where G' is the elastic modulus and G" is 
the viscous modulus. G*=(G ,A 2+G ,,A 2) A 0.5 j s the magnitude of the complex modulus. 
Delta is generally considered to indicate the relative viscosity-to-elasticity. Thus, the 
rheology indicates that formation of a hydrogel through gelation (the solution is 
predominantly elastic) only occurs after about 25 minutes at 40°C. Corroborating this 
information, the images along the bottom are taken from a simulation and show the 
development ("coarsening") of the structure with time. There is a time involved in the 
phase separation that allows manipulation of the material once the solution conditions 
change. As summarized in Slides 17 and 18, structure can be imposed on PVA using 
phase separation, driven by the solution conditions. Almost unique to PVA, this 
structure can be "locked-in" by allowing the temperature to fall below the crystallization 
temperature of the PVA crystals. 

1 6. The surgical procedure outlined in Slide 1 9 provides a method for 
introducing a PVA hydrogel in a minimally invasive manner. The example outlined on 
this slide injects the material through the annulus wall, but the disc itself is exposed for 
demonstration purposes. From left to right: The material is injected through a standard 
needle (16G) using a conventional sterilized syringe. Since the only incision in the disc 
is a needle stick a second needle is provided to provide pressure relief. The syringe 
can be seen in a porcine model in the second image, with an interoperative fluoroscopic 
image of the procedure alongside. In the final images the disc has been dissected to 
show the characteristic white gel manufacture by this method. The gel is clearly kidney 



7 



U.S. Serial No. 10/771,852 



shaped and conforms to the shape of the cavity it was injected into. The method 
outlined here allows the percutaneous injection of a PVA-based totally biocompatible 
hydrogel into a disc space where it totally fills and conforms to the space that the natural 
nucleus pulposus previously occupied. 

1 7. Slide 20 shows a sequence of still images taken from a video of a bench- 
top demonstration of the primary concept of injecting a PVA solution into a body cavity 
for subsequent gelation into a viscoelastic hydrogel. The images shown represent an 
experiment on a porcine intervertebral disc. From left to right, and top to bottom: 

(1 ) an overview of the disc shows the top end-plate, and the spinal processes 
of the porcine vertebral unit 

(2) a closer zoom shows the end-plate and the spinal canal 

(3) The end-plate is removed to allow access to the natural nucleus pulposus 

(4) A plexiglass sheet is placed on top of the disc to allow visualization. Note 
white kidney-shaped annulus and the space remaining after removal of 
the nucleus 

(5) A 16G needle is inserted into the disc, A small blob of hydrogel is visible 
at the tip 

(6) The PVA solution with gellant is injected into the space beginning to fill the 
nucleus space. Note that the solution is already translucent indicating that 
the physical crosslinks are beginning to form even though the solution is 
still injectable 

(7) Further material is injected. Note that the solution is fully filling the cavity 

(8) Injection is finished and the solution has fully flowed into every corner of 
the space available 

(9) After approximately 10 minutes the plexiglass is removed and the now- 
gelled hydrogel is peeled out of the space 

(10) the hydrogel clearly has formed a three dimensional shape that matches 
that of the nucleus space it was formed within. 
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(1 1 ) The final hydrogel after removal has the shape of the nucleus space and 
is a viscoelastic solid while being approximately 85% water for this 
formulation. 

1 8. I now turn to the prior art cited by the examiner. The examiner cited the 
following references: Hyon (US 4,663,358), Tanihara (US 5,880,216), Ku (US 
5,981,826), Yao (US 6.268,405), Yamauchi (JP 03215417), or Okamura (JP 04338326). 
These references do not disclose injectable thetagel solutions that form physically 
crosslinked PVA hydrogels without chemical crosslinkers, irradiation or thermal cycling. 
More specifically, Ku, Yao, Hyon, and Okamura employ thermal cycling (by freezing) to 
form a hydrogel. Yamauchi etal. employs ionizing ionized radiation to form a gel. 
Tanihara employs one or more of (a) cross-linking with radiation or peroxides (a 
chemical crosslinker); (b) cooling the solution; (c) freezing of the solution; and (d) 
repetition of freezing and thawing. Accordingly, the references alone and in 
combination do not advantageously use first and second solutions to change the Flory 
interaction parameter in a controlled manner to allow a hydrogel to form and crosslink 
over time in a manner that allows it to remain workable. Thus, the skilled person relying 
on the prior art would not be led to the claimed invention. 

1 9. The claimed invention also unexpectedly satisfies a long felt but unmet 
need in the field. As explained above, the vertebrate fusion and implanted disk 
replacements have undesired consequences of loss of motion and deleterious transfer 
of loads, and require invasive surgeries. Other attempts at injectables employ chemical 
crosslinkers or are merely phase change materials that lack physical crosslinking by 
hydrogen bonds or the like. The shortcomings in the field are satisfied only by the 
claimed invention, which provides and allows for (1 ) minimally invasive surgery, (2) a 
porous, highly hydrated system allows fluid and nutrient flow from endplates, (3) space- 
filling for optimal load-transfer to the annulus fibrosis, (4) the absence of chemical 
crosslinkers, so there are no unwanted chemical by-products or exothermic (heat) 
occurrences, and (5) no need for ionizing radiation or thermal cycling, so the hydrogel 
can form in situ, and fill and conform to the body space. 
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I declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements and the like are made with knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of this application or any patent issuing thereon. 



September 17, 2008 




Gavin Braithwaite 
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